Abstract. The microstructural characteristics of granular and amorphous glass coated microwires are studied considering their geometry, which is connected to the fabrication conditions. In the case of granular microwires the existing Cu, Fe or Co phases (with crystallite sizes around 40 nm) clearly depend on the ratio between the diameters of the metallic core and the external one of the layer. The scattering patterns of amorphous microwires consist of a complex superposition of halos corresponding to structural correlations in the pyrex layer and in the metallic core. Their normalization to absolute units shows that the higher the size of the core the higher the intensity (and hence the number of structural correlations there). Small changes can be detected in the short range order in the glassy core.
Introduction
Granular magnetic materials exhibiting giant and negative magnetoresistance [1] have attracted much attention in last years. These materials consist of ferromagnetic nanoparticles (Co, Fe, etc.) embedded in a nonmagnetic metallic matrix (Cu, Ag, Au Pt, etc.). Metastable solid solution of immiscible elements is obtained at room temperature as a result of a rapid quenching [2] . Fine crystalline structure containing a mixture of small ferromagnetic particles in a paramagnetic matrix gives rise to the observed GMR.
Glass coated metallic microwires are recently being a subject of interest owing to their potential applications as magnetic sensor devices [3] . These tiny microwires are fabricated with the TaylorUlitovski technique [4] , which allows to obtain metallic microwires coated by an insulating glass. Technological aspects of such technique, such as those related with the thermodynamics of the formation of the composite microwire, structural, mechanical, electric and magnetic properties have been extensively studied [3, 5] . Such microwires show diameter of 1-20 µm for the metallic core and thickness of 2-50 µm for the insulating Pyrex coating. This technique has been developed to produce ferromagnetic microwires with amorphous character as well as alloys of inmiscible elements with magnetic and granular nature, which can be obtained from the decomposition of metastable and unstable phases of the so-called granular solids.
Recent works [6, 7] in crystalline Cu-based microwires show that the geometry of the wires, denoted by the ratio ρ = d D where d and D are respectively the diameters of the internal metallic core and the covering Pyrex layer, straightforwardly connected to the conditions of preparation, is critical in their structural and magnetic properties. The aim of the present paper has been to revise and complete our mentioned results in granular Cu-based microwires and complete them with new compositions and geometries in order to reinforce our previous conclusions. Moreover, we study the influence of the geometry on the short range order of microwires with amorphous core (Fe 75.5 B 13 Si 11 Mo 0.5 ) in order to investigate if the structural properties corresponding to the short range order characteristics of amorphous materials are affected by the geometry as it does in the case of crystalline microwires.
Experimental
Glassy microwires with five different core compositions were studied: a) granular (Cu 70 11 Mo 0.5 . In each composition three or four geometries were choosen in the range 0.05< ρ < 0.75. The preparation of the samples has been elsewhere described [5] [6] [7] [8] .
The structural characteristics of the samples were determined by Wide Angle X-ray Scattering (WAXS) in a powder diffractometer provided with an automatic divergence slit and graphite monochromator using CuKα radiation (λ=1.54Å). Obviously, the experimental accumulation times were bigger in three or four times for the amorphous core microwires.
Results and Discussion
Granular Microwires. Fig. 1 presents the raw WAXS patterns for some of the samples studied showing clearly the existence of immiscible phases in all the cases. [9] . Note that the peaks corresponding to αFe and Co phases are respectively overlapped with the ones of the Cu phase. It is evident that the higher the ratio ρ the neater and higher the intensity of the peaks and the lower the background present in the patterns, which must be attributed, apart from the proper one of the crystalline metallic core, to the glass coating of the microwires. In order to study the relative content of each phase and the size of the corresponding crystallites in the samples we proceeded to substract the background to the raw patterns and to fit the remaining crystalline peaks to gaussian functions in order to fix the position of the maximum and the area of each peak. In all the cases the peaks are neat and the quality of the fits is high. Structural information for the microwires is extracted once the crystalline peaks of each pattern are identified. The size of the crystals formed in each case is derived from Scherrer equation [10] . Fig. 2 shows the size of the crystallites of Cu, αFe and Co obtained in all the microwires. Nanocrystals with sizes centered around 40 nm (no systematic variations can be observed) in grain size are formed irrespectively on the alloy composition and of the geometry. The relative content of a given phase in each sample is an interesting parameter in order to know how αFe and Co phases are affected, because of the potential applications of these materials in magnetism. This content has been evaluated in each sample from the area of the crystalline peaks corresponding to a given existing phase normalized to the total area for all the crystalline peaks existing in the WAXS pattern. Even if the content of αFe or Co phases could be thought to be derived by the Fe or Co atomic fraction, we can see in Fig. 2 that the ratio ρ drives these magnitudes. This fact can be understood as a consequence of the metastability of the crystalline phases obtained [4] . Irrespective of the composition of the samples in the two systems, αFe and Co content behaviour change with the ratio ρ showing a clear maximum at around ρ = 0.25. Amorphous Microwires. Fig. 3 shows the raw WAXS patterns for the three microwires with Fe 75.5 B 13 Si 11 Mo 0.5 core composition. . They are located where the main halos of amorphous SiO 2 and glassy metals usually appear [11] . So, we can separate the structural contributions of the metallic core and the pyrex layer. On the other hand, a smaller, wider q-range that must be a mixture of the small intensity halos of the metallic core and the pyrex layer. We can observe that both, the intensity and the shape of the peaks change significantly for the three samples. Nevertheless, at this stage it is very difficult, owing to the high overlapping in all the cases, to characterize these peaks independently. Note that the q-position of each peak (q m ) will give us the estimation of a mean structural correlation distance
) and the width of the peak will define a width of the distribution of correlation distances around the mean one. The raw WAXS patterns for the three samples were normalized to absolute scale after being corrected from several effects that do not contain structural information [11] : background substraction, polarization, absorption and incoherent scattering. The corrected experimental intensity curves were normalized to absolute (electronic) units following a standard method [11] . The composition of the sample (very important for the absorption correction and for the normalization) was considered by taking in account the different quantities of the metallic core and the pyrex glass given by the geometry. Average densities of 7.5g/cm 3 and 2.2g/cm 3 were considered for the core and the pyrex, respectively. The mass composition of pyrex was taken as 84% SiO 2 and 16% B 2 O 3 , even if, actually, very small amounts of Na 2 O and Al 2 O 3 can be found in pyrex glass.
The reduced intensity i(q) [11] was built from the coherent absolute intensity as follows
where the coherent intensity in absolute units is substracted and normalized to the independent scattering. The reduced intensity multiplied by q will enhance the peaks and make possible their separation. Fig. 4 shows the function q.i(q) for the three samples and we can observe that the high q (or short correlation distance) peak can be considered as an overlapping of two different peaks. Under these considerations, the three q.i(q) patterns were fit to a sum of two Gaussian (for the two peaks corresponding to the large structural correlations distances) and two Lorentzian (for the two wide peaks corresponding to the short structural correlations distances) functions. The use of the two functions depends of the shape of the experimental peaks. The peaks obained in the low q At this point, we will only consider the changes in the peaks associated to the structural correlations in the core. The two mean correlation distances are appreciably decreased in the sample with a thiner layer. On the other hand, the width of these two peaks changes abruptly showing that the distribution of large correlation distances is wider in the case of the sample of ratio ρ = 0.54 whereas the distribution of short correlation distances is wider in the case of the one of ratio ρ = 0.73. Note that σ parameter is related to the distribution of correlation distances in the core: the larger the value of σ the higher the structural disorder in the core. The total area of the scattering signal assigned to the core (A ldp + A sdp ) increases continuously. This fact indicates that the larger the ρ value the higher the electronic density or the number of diffracting structural units in the core, that is the number of structural correlations.
Conclusions
We can conclude that the geometry of the microwires, straightforwardly related to the conditions of preparation of the samples and representative of the internal stresses in the metallic core, affects importantly the resulting microstructure of the core.
This influence is neat in the case of the granular microwires where the geometry parameter drives the existing phases.
In the case of amorphous microwires the influence of the geometry on the structural short range order of the core is smaller than the above case. More studies in this type of samples are neede in order to check the systematicity of these results.
